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HONORS THESIS ABSTRACT
Abstract
The pancreas is an organ responsible for producing hormones that regulate
blood sugar levels as well as producing enzymes that assist in the digestive process.
Despite these important roles in sustaining life, the pancreas is not covered in much
detail in undergraduate-level gross anatomy courses. To develop a better
understanding of the structure of the pancreas, two pancreata, one with pancreatic
cancer and one without, were obtained through dissection of cadavers donated to the
NIU Anatomy program. These pancreata were then serially sectioned by hand and
scanned in a flatbed scanner to produce a series of images of their internal structures.
Several open-source image visualization programs, including ImageJ and 3D Slicer, were
used to produce 3D volume renderings of the pancreata. These renderings were then
compared to those produced from CT scans of the pancreata taken prior to sectioning.
While multi-detector CT scanning is by far superior to scanning sections by hand, it is an
impractical approach to anatomical study at the undergraduate level. Flatbed scanning
can produce sequential images and even 3D models of the interior structures of organs,
helping to enhance anatomical education.
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Introduction
To fully understand the structure and function of a tissue or organ, it is necessary
to be able to see everything inside it in addition to the outside surface. In emergency
rooms, one of the first things done to assess a patient's condition is often to take a CT
scan of them. This allows medical staff to see inside the patient and learn more about
what might be contributing to the patient's problems.
CT and other medical imaging technologies all share one great advantage: they
are non-destructive. A patient that gets a CT scan is digitally “sliced” but not physically
sliced!
Other groups interested in obtaining high-quality images of internal organs
include educational programs that teach anatomical sciences. The non-destructive
technologies described above have several distinct disadvantages for undergraduatelevel anatomy education. The scanners and associated computers required for many of
these scans are prohibitively expensive; CT scanners can cost $1 million or more
(Fornell, 2010)! Particularly with CT scanners, there may be additional factors such as
the risk of radiation exposure and the need for extensive training to use the equipment
that make these technologies impractical for many educational settings.
In anatomy classes, students can already see inside tissues and organs by
observing prosected cadavers or participating in dissections themselves. However,
these approaches only allow students to see just part of the tissue, not the entire
internal volume like a CT scan could. Additionally, prosected cadavers can only last up
to six years (McCall, 2016) without decaying in ideal conditions, and often less than that
in typical undergraduate lab environments, meaning the work needed to prepare the
cadaver must be redone periodically. In dissection classes, the cadaver is usually not
usable for more than one semester due to the destructive procedures required to
uncover every structure of the body.
The project described here aims to provide a way to create lasting images of
internal structures that is practical for undergraduate-level anatomical education
settings. A flatbed document scanner can be used to create serial scans of tissues and
organs. The images produced can then be used to make 2D animations and 3D models
similar to those of a CT scan, while preserving the original tissue color as well. While a
similar approach has been used before, such as the BigBrain project, which produced
more than 7,000 slices of brain tissue (Amunts et al., 2013), this project aims to develop
methods that can be used within an undergraduate-level anatomy course setting.
Methods
Initial Scanner Testing and Setup
An Epson Perfection V550 Photo Scanner was used for the flatbed scanning
portion of this project. To confirm that the serial sectioning and flatbed scanning
method could produce satisfactory images and models, an apple was first used to test
the scanner. The apple was marked with permanent ink longitudinally for orientation
and latitudinally at 2 mm intervals as a target for slice thickness. Slices were sectioned
with a scalpel and scanned at a 600 DPI resolution, with images saved as 24-bit TIFFs.
This format and resolution was used throughout the rest of the study. The scanner

selected is capable of capturing images at 6400 DPI and 48-bit color, but using a higher
resolution would have required more storage space than readily available to the author
and would not have resulted in a significant benefit for the purposes of this project.
After scanning the apple, the scanner was waterproofed using silicone sealant
caulk to prevent tissue fluids from leaking into and damaging the device. Water was
used to confirm impermeability, and an orange was scanned to determine how to best
scan wet tissue. Water drops blur scan images, so all wet tissue was subsequently dried
before each scan, and between scans the scanner glass was cleaned using a microfiber
cloth and glass-cleaner fluid if needed.
Procuring Pancreata
Two pancreatic specimens were used in this study:
The cancerous pancreas was removed prior to the start of this project by
graduate students in BIOS 546, an Advanced Gross Anatomy course. The cadaver from
which the pancreas was removed was a 50-year-old woman who had died of metastatic
pancreatic cancer. The graduate students reported not being able to find any tumors on
the pancreas. Part of the inspiration for this project was to investigate whether tumors
were present within this pancreas despite none being found on its surface. The
cadaver's stomach was also removed and left attached to the pancreas.
The healthy pancreas was removed by the author from an obese female cadaver
with her right leg missing due to a previous amputation and a large sore present on her
left leg. Obesity, peripheral nerve and blood vessel damage that can lead to foot
amputation, and peripheral sores are symptoms of advanced Type II Diabetes Mellitus
(Brutsaert, 2017), meaning that this person might have had this condition in life. No
extra observations or tests were made to confirm this possibility. During dissection,
care was taken to remove the duodenum and spleen along with the pancreas to be able
to preserve the entire pancreas as well as structures such as the ampulla of Vater, the
splenic artery and vein, and the bile duct.
CT Imaging
Since the flatbed scanning technique is destructive in that the tissue sample
must be physically sectioned with a cutting tool, any comparisons to non-destructive
scanning methods had to be conducted prior to the destructive technique. Each
pancreas, along with its attached tissues, was packed into one of two plastic storage
containers, partially filled with formalin, and taken to the Kishwaukee Hospital
Radiology department. Each container was stabilized in the head rest of the GE
LightSpeed 64-slice VCT scanner using towels. CT imaging was conducted using the “test
scan” protocol normally used for quality assurance and scan data was exported to
several CDs. Once the scan data was reviewed by the author and mentor, and it was
determined that no further scans were necessary, the project proceeded into its
destructive phases.

Dissection
To make the pancreata easier to see in scans and models, extra tissue was cut
away with a scalpel, hemostat, and scissors as needed. Excised tissues include the
stomach, the spleen, most of the duodenum (leaving approximately two inches
bordering the ampulla of Vater), and any remaining mesentery, excess connective
tissues, and fat. Some of these tissues were kept in preservative in hopes of being able
to scan them after the pancreata while the rest were discarded.
Flatbed Scanning
Sectioning and scanning the pancreata was similar in procedure to that of the
test fruit, though overall it was slower and more difficult due to the softer consistency
of the pancreata compared to the apple.
To prevent excess room light from changing the brightness of the scan image,
the removable white plate normally stored in the lid of the scanner was supported by
wooden blocks about three inches above the scanning bed. This method managed to
block out most excess light despite not being able to close the scanner lid as would be
done for papers or small books. A previous method consisted of simply placing the lid
plate directly on top of the specimen, but this led to the picture background brightness
increasing as the specimen thickness decreased, creating an unwanted gradient in
volume renderings.
Each pancreas was scanned using a coronal orientation to both avoid the need to
prop up the tissue and to create a clearer picture of the pancreatic duct running through
the pancreas. Before beginning the sectioning process, the tissue was first scanned on
one face to produce an image of the outside surface. Dry-erase marker was used to
mark orientation letters such as left, right, distal and proximal backwards onto the
scanner glass as well as to make straight lines to help with positioning tissue for the rest
of the scans.
Then, a scalpel was used to shave away the surface of the tissue at a target
depth of 1-2 mm. The tissue was placed onto the scanner glass cut-face down using the
dry-erase markings to help position it as close as possible to the position of the previous
scan. With the tissue properly positioned and the light-blocking lid in place, a scan was
made and saved to the author's laptop. Due to the high scan resolution, each scan
could take a minute or more to complete. However, up to five additional scans of the
same section would need to be taken to re-adjust the tissue and better match the
position of the previous section.
This process was repeated for each section taken of the tissue. It was possible to
break the sectioning processes up into several sessions by leaving the dry erase
calibration markings on the scanning bed and placing the remaining un-scanned tissue
back into the formalin until the next session. Unlike the test apple, it was not possible to
make thin enough slices without shredding tissue, so most of the material from each
already-scanned section was discarded.
Sectioning was stopped for each tissue scanned once the sample thickness was
too thin to cut safely by hand (usually 2-3 mm). To obtain an image of the surface of the
tissue face opposite to the first face scanned, the tissue was flipped over before

scanning, and the resulting image was digitally flipped again in GIMP to match the
orientation of the previous scans.
By the completion of this project, two pancreata and one stomach were
sectioned and scanned using this method. The stomach required an extra step to
facilitate sectioning and scanning: crumpled paper towels were used to fill the lumen of
the stomach and prevent tissue from the opposite side of the stomach from touching
the scanner bed during scanning.
Image Visualization
While scans were being made, the default Windows image viewer, Photos, was
used to compare the current scan image to the previous scan for positioning. The Gnu
Image Manipulation Program (GIMP) was used to create animated GIFs of the scans,
though to make the exported GIFs small enough to send in emails required significant
degradation of image quality and downsizing of image sizes.
Two programs were used to create 3D visualizations of the 2D scan image stacks:
3DSlicer (or just Slicer) is an open-source DICOM visualization program that is
usually used to view 3D volume renderings of data collected from multi-detector CT or
MRI scanners (Fedorov et al., 2012). Slicer was used to view the CT data collected prior
to sectioning, but it was also used to view the flatbed-scanned images as well. First, all
of the scans for a given structure were imported as an image stack. Then, a value for
image spacing was chosen based on the original height of the tissue (e.g. 20-30mm for a
pancreas). A volume rendering was then automatically generated by the program,
roughly by stacking the images on top of each other with the given spacing, then filling
in the gaps between each slice based on the color and intensity of each pair of pixels in
the images on the sides of each gap.
ImageJ, which is a Java-based image measurement software suite (Schneider et
al., 2012), was also used to produce volume renderings of the flatbed image stacks. The
main difference in using ImageJ compared to Slicer is that ImageJ is able to
automatically hide pixels of a particular range of colors (often the color of air or
background material), meaning it is possible to hide parts of the scan images that are in
the background, revealing tissue details without needing to adjust the Region of Interest
(ROI). Slicer is also able to perform this function, but is preset to handle images from CT
scans, making it more difficult to hide background colors from flatbed scan data.
Results
Flatbed Scanning
Several interesting anatomical variations were discovered during the sectioning
process.
The stomach from the cadaver with pancreatic cancer was previously thought to
have had calcified arteries based on the CT scans acquired. However, upon sectioning, it
was discovered that several rows of surgical staples were present in the superior aspect
of the stomach. Metal objects can show up as bright white on CT scans (Boas &
Fleischmann, 2012) as calcified arteries (Harvard, 2010) would, and there were no
arteries in the same location as the staple rows that felt stiff enough to be significantly-

calcified. The surgical staples made sectioning more difficult, as cutting through each
staple dulled the scalpel blade, necessitating frequent blade changes. In addition to the
staples, a third hole directly across from the cardiac sphincter was observed. This hole
appeared to be closer in shape to a severed sphincter than an accidental cut made
during dissection.
Considering the location of the staples near the cardiac sphincter and fundus, as
well as the presence of three sphincters rather than two, it seems likely that the staples
were placed as part of a Roux-en-Y surgery. This is a type of gastric bypass where the
stomach is closed off with surgical staples to create a smaller pouch at the superior end
of the stomach which serves as the new, smaller stomach. The small intestine is cut and
re-attached across from the cardiac sphincter above the staples, allowing food to
continue through the gastrointestinal tract past the new stomach. This step of the
surgery would explain the “third sphincter” discovered during sectioning. The
duodenum is usually left attached to the pyloric sphincter to allow secretions from the
part of the stomach below the staples, the pancreas, and the bile duct to still be used to
help digest food (Mercy, 2017).
The pancreas from the cadaver with pancreatic cancer was not found to have
any obvious tumors within the tissue. This analysis was only based on simple visual
comparison with the other (presumably) non-cancerous pancreas. However, it was
smaller and very different in overall shape compared to a normal pancreas. One
possible explanation for these observations would be that the patient underwent a
pancreaticoduodenectomy, also known as a Whipple procedure (Warshaw & Thayer,
2004) to remove tumors within the pancreas. That would explain why no cancer was
found within or directly attached to the surface of the pancreas, yet the cause of death
was listed as metastatic pancreatic cancer.
The pancreas from the cadaver without cancer was found to have a duodenal
diverticulum, which is an extra pocket branching off the lumen of the duodenum,
directly across from the ampulla of Vater. Duodenal diverticula are fairly common and
most often harmless. Possible duodenal diverticula have been found in up to 20% of
patients that undergo upper GI endoscopy, but more than 90% of these are
asymptomatic (Shuck & Stallion, 2001). However, if a diverticulum is present close
enough to the ampulla of Vater, it has the potential to block the ampulla and cause a
backup of digestive enzymes, potentially leading to pancreatitis and cholangitis. While it
was not clear whether the ampulla of Vater itself was accidentally “missed” (not imaged
due to lying between scanned sections), the pancreatic duct was clearly visualized in the
flatbed images, something that would have been very difficult to see on the CT images.
Image Visualization
CT data from the test scans was visualized in Slicer in both 2D and 3D views. For
the tissue from the cadaver with pancreatic cancer, it was possible to selectively view
the pancreas by using the “CT – Lung” preset, and the stomach by using one of the “CTCardiac” presets. This might have been made possible thanks to the difference in
density of the two organs: the stomach is hollow while the pancreas is dense
throughout. However, it was more difficult to view the healthy pancreas, possibly

because it was surrounded by the spleen and duodenum. The splenic artery running
along the pancreas was clearly visible due to its calcification, which was verified by
palpation during dissection and sectioning.
The 2D static images and animated GIFs were surprisingly helpful: scrolling
forwards and backwards through the sequential images was very similar to viewing a CT
scan in a coronal 2D view. The GIFs made from the scan images were similar to “cine
mode” in DICOM viewers (Medixant, 2016).
3D visualization of the flatbed scan data in this project did not produce models
as high in quality as the volume renderings from CT data, but as a proof of concept it
was a success. Both Slicer and ImageJ were able to load a stack of 2D scanner images
and create a 3D volume rendering from it similar to the CT renderings. However, due to
the high image resolution of the flatbed scans, both loading and rendering the images
was slower than for the CT data. In both programs, flatbed image stacks took at least 5
minutes and 6 GB of RAM to load. Slicer was able to rotate and adjust the model much
more quickly than ImageJ (which could take up to half a minute per adjustment).
With the default settings geared towards viewing CT and MRI scans, it was
difficult to configure Slicer to show flatbed scan data with its original colors, while true
color was the default in ImageJ.
In both programs, the third dimension of the rendering was much blurrier than
the two dimensions provided by the original scans. Two factors contributed to this
blurriness: the thickness of each section and the imperfect positioning of the sample for
each scan. Despite the low resolution of one dimension, these models still
demonstrated that this technique can produce 3D models of 2D scan data.
Discussion and Future Directions
Several challenges had to be overcome to be able to scan human tissues on the
flatbed scanner. First, while an apple is firm and does not easily deform, human
pancreatic tissue is much softer and deforms with much less pressure. This made it
challenging to not only use a scalpel to cut consistent sections, but also to then position
the remaining tissue in the same place as before on the scanner bed. For each picture
saved, often up to five pictures had to be taken before the position was acceptably close
enough to the previous scan. Future work with the flatbed scanner could increase
positional accuracy by using a fixative, such as paraffin wax (Rolls, 2017), to prevent
movement of the sample.
Slice thickness could be decreased and sectioning could be made more efficient
by using a mechanical slicing apparatus, such as a macrotome (Tot et al., 2005) to
section tissue instead of using a scalpel by hand.
However, there were some advantages to performing the sectioning by hand as
opposed to using fixative and a sectioning device. Through manual sectioning, it was
possible to learn about the tactile properties of the tissue in addition to the structure
one could learn visually. For example, the pancreatic duct has a texture and stiffness
similar to a small vein, but it seems thinner and easier to cut.
Slicer was used primarily in this project to produce volume renderings, which
display all of the possible data. It can be difficult to be able to show just one structure

of interest simply by adjusting the ROI or by adjusting the color gradient settings. One
way to create more specific models would be to create segmentations, which are 3D
models of just part of a volume rendering. Segmentations are created by selecting or
“painting” specific voxels that should be included as part of the 3D shape. This process
is currently tedious to do by hand even with semi-automatic software tools to assist
with selecting similarly-colored areas. However, segmentation is useful for quantitative
tasks, such as measuring tumor diameter and volume (Velazquez et al., 2013) as well as
creating permanent models that could be more easily-viewed by students, both digitally
and physically since they can be 3D printed.
Image loading times in volume rendering software like Slicer and ImageJ could
be reduced by re-exporting images at a lower resolution. Depending on the hardware
available in an educational setting, it might not be possible to make the scan images
small enough in size to use easily and still be high enough quality. Combined with the
time it takes to learn how to use the software, these factors make it more practical to
instead use pre-rendered data in the classroom. For example, animated GIFs and
scrollable image sets could be provided to students either on a computer in the lab or
online as downloadable files. Short videos could be made by recording a skilled user
manipulating the volume rendering to point out specific structures. As mentioned
above, segmentation could be used to print 3D physical models of specific structures.
This project has shown that it is possible to create a permanent visualization of
the interior structure of human tissue similar to that of a CT scan using a consumergrade optical flatbed scanner. These methods, along with the improvements described
above, could allow an undergraduate-level anatomy course to create and use its own 2D
and 3D scans, models and videos to enhance the learning and understanding of
anatomy and physiology students.
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